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> Inclusive jet measurements provide QCD precision tests 3wfsemni RN
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Vector boson + light/heavy flavour jet production \gﬂg:: - ia;iégﬁxg
is interesting for Higgs search, (B)SM processes, etc. t s o
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Thanks to all colleagues at the Tevatron for their contributions to this talk
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The D@ and CDF detectors

» Data taking efficiency (D@ & CDF) > 90%

Solenoid Magnet
n=0 n=1-
Muon Scintillators /J’L

» Multi purpose detectors with
broad particle ID capabilities

Muon Chambers

» Stable detectors and triggers

protons

3 Layer BB

Muon
System

ﬁ Preshowers

» Calorimeters (— jets, e, v): Fine
granularity and good energy resolution
D@: Anx A¢p ~0.1 x0.1
CDF: An x A¢ ~ 0.1 x 0.26

» Central tracking systems (— charged particles)

SVXIl + ISL

coT .
Muon chambers/scintillators

» Muon spectrometers (— muons)
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» Precision tests of QCD . .
. . Z(— pp) + jets candidate event
> Comp|ementary klnematIC Run 210879 Evt 24327122 Tue Oct 11 17:57:05 2005

regime to HERA /fixed target DO G
» Parton distribution functions 3 v
» ISR/FSR gluon radiation
> pr spectra

CcH

» Standard candles

» Important measurements for MC
tuning ((B)SM background)

» Tevatron dataset is large

enough now gins 120
. . . . Rms: 3.79 0 T4z mu partcle et: 58.85
» Unique kinematic overlap with . 89155 mep e B
LHC and expected SM Higgs EOVAITRA A 1
mass range
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How measurements are done

» Data fully corrected for instrumental effects
= can be directly used for testing and improving existing
event generators and any future calculations/models

» (N)LO pQCD predictions from MCFM are compared
taking non-perturbative effects (hadronisation, UE) from
simulation into account in the prediction

» Data and theory are compared at the particle level
(hadronic final state)

CDF Run Il Preliminary
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H H H C -+ ndependence
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Differential Z/v* + jets + X cross section (Z — ee)

D@ Collab., Phys. Lett. B 678, 45 (2008) £=10fb1

65 < Mee < 115 GeV, |1e| < 1.1, 1.5 < |ne| < 2.5, p='(R=0.5) > 20 GeV,
Z/v* + ljet + X bin.  Ratios wrt. MCFM NLO + non-pQCD corr.

Normalised to incl. Z+ jet production = Uncertainties on £, most of e-trigger/ID cancel

S o2 [-DORuN I L=1.04 fby! —— Data at particle level — Data == PYTHIA SO EXtrapolated to full
v E == MCFM NLO == HERWIG+JIMMY —-- Scale unc. i 1
8 : pol e lepton kinematics
= 10° g. (a) ;1 . i (c) — Scale unc. MCEM v5.3
JELE F PDF: CTEQ6.1M
Sl WE ) 5 F 22— M2 1 p2
o | F Zly (- ee)+1ljet+X S10 My =W z T PTz
J° 10°[F 65<M, <115 Gev s [ PYTHIA 6.416,
dx .F nel.inpr /y" £ r HERWIG 6.510 + JIMMY 4.31,
&' 10°F Rine=05,1Y"<25 g | ALPGEN 2.13 + PYTHIA 6.325,
3 I i 05 SHERPA 1.1.1 + PYTHIA 6.325,
— Data —+ Data SHERPA PDF: CTEQ6.1M
== MCFM NLO ==MCFM LO == ALPGEN+PYTHIA Scale unc. .
20 = (bi Scale unc. —— Scale unc. 20 |- —- Scale unc. o Large differences
[e] E (e} E
25| Z15F (d) between models
s | s f .
Lg’m Fp 8 5 5 § ka]\—l—/ glo E L"!_ﬂ{,AIL»;,}» ‘¥/ e Small experimental
P e = S [ =mmm——o —_—— errors, dominated by
g | T ——— I e —— statistics
“ sl P - AT
osbh 1 osle 1 mﬂm
20 30 40 50 100 200 300 20 30 40 50 100 200 300

p, (1" jet) [GeV] p, (1% jet) [GeV]
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Differential Z/v* + jets + X cross section (Z — ee)

Z /v* 4 2jets + X bin. Normalised to incl. Z+ jet production.
Uncertainties on integrated luminosity, most of e-trigger/ID cancel

Extrapolated to full lepton kinematics: p%, |ye|

PYTHIA 6.416,
E DO Run I, L=1.04 fb* —— Data at particle level —+ Dat YTHIA S0 HERWIG 6.510 + JIMMY 4.31,
o un Il L=1. 2 ata -
g B = MCFM NLO == HERWIG+JIMMY —-~ Scale unc. QIH_ESEQ 51131 + :122:&%332255
2 10 = PYTHIA QW 11+ -325,
= (@) [e] ig E (c) — Scale unc. PDF: CTEQ6.1M
= 104 zE
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66 < Mee < 116 GeV, ES > 25 GeV, |ne| < 1, 1.2 < || < 2.8, P (R=0.7) > 30 GeV,

[fb/(GeVic)]

et
b

doldp

Data / Theory

Data / Theory

CDF Collab., Phys. Rev. Lett. 100, 102001 (2008)

CDF Run Il Preliminary
& CDFData L=171"
[ systematic uncertainties.
—&- NLO MCFM CTEQ6.1M

-, Corrected to hadron level

g W2 = MZ 4 Pi(2), Rypy 713
- e WE2unEp2
--- PDF uncertainties

Z(~ee) +21 jetinclusive ( x20)

—— ——
—_————

2(~ee) +22 ets inclusive .

(- ee) +21 jet inclusive

200 pet [GeVic]
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Good agreement between data
and NLO pQCD prediction

L=17fb !

Yiet] < 2.1

CDF Run Il Preliminary

Z-ee+jets

—e— CDFData L=171b*
Systematic uncertainties

—o— NLO MCFM CTEQ6.1M
corrected to hadron level

13 = M2 + p(2), Rygy=1.3
NLO scale p = 21, ;1 = /2

- NLO PDF uncertainties
—a— LO MCFM hadron level

[ —
A

66 < M, < 116 GeV/c?
ES>25GeV, il <1

el <1l 12<nj| <28
P > 30 GeVie, [y®| < 2.1

AR(e.jet) > 0.7
Il
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Differential Z/+* + jet + X angular distributions (Z — puu)

D@ Collab., Phys. Lett. B 682, 370 (2010)
65 < My, < 115 GeV, |y,| < 1.7, p% > 45 GeV, p'(R = 0.5) > 20 GeV,

= F DO, L=1.0 fb* g ® Data — PYTHIA Perugia*
%_ L% e ® Data & == HERWIG+JIMMY = = PYTHIA Tune QW
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=3 8
w102 £ -
s F o o
b .
L @ > $
I 15l
[ 65 <M,< 115 Gev [ el
M v S
10°k W1<17,p% > 45 Gev ork

F' Reone=0.5, P >20 GeV, )| <28
b o S T

©
SHERPA scale unc.
Lt 1 T

Ratio to SHERPA
N

L =~

SHERPA scale unc. ~ -

LI R

0.7

® Data
— NLO pQCD - =LO pQCD
— Scale & PDF unc. - - Scale & PDF unc.

(b)

Ratio to SHERPA
N

0.7

L
= ALP+PY Perugia*
= =ALP+PY Tune QW

® Data
== ALP+HER

SHERPA scale unc. ' @
|

L L L L L L L L
05 1 15 2 25 3 35 4 45

18y(2, jev)]

L
35 4 45
18y(2, jev)

L L L L I
05 1 15 2 25 3

Oz+4iet/07 = [122 & 2(stat.) + 4(syst.)] - 1073
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L£=1.0fb""1

yjet| <28

e Rapidity difference
between Z and jet

MCFM v5.6

PDF's: MSTW2008
pr=pg=Mz +p7 7
and un-
derlying event correction:

PYTHIA 6.421, Tune QW,
CTEQ6.1M

oSHERPA (1.1.3) is
able to describe Ay
for p% > 45 GeV

'ﬂ"ﬂl il m i q}]ﬂ

Hadronisation

[112 4 20(scale) + 1(PDF)] - 103 @LO
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w Differential Z/+* + jet + X angular distributions (Z — puu)

65 < My, < 115 GeV, |y,| < 1.7, pZ > 25 GeV, p > 20 GeV, |yjet| < 2.8

= 101 DU, L=1.0 fb* g ® Data — PYTHIA Perugia*
%_ E ® Data & -+ HERWIG+JIMMY = =PYTHIA Tune QW | PYTHIA 6.421,
& —NLOpQCD +corr. | 35 2f L HERWIG 6.510 + JIMMY 4.31,
s =+ SHERPA 2 e ALPGEN 2.13,
g’“ L § ,!"i [} SHERPA 1.1.3,
o S LA PDF's: CTEQ6.1M and
102 @) ~»l. MRST2007 (LO*) for Perugia*
r 1_' R
[ 65<M,<115GeV .
[ <17, 02525 Gev ol o e ALPGEN + SHERPA.
L Rene=05, p' > 20 Gev, [y*| <28 i SHERPA scale unc. Up to three partons in
< ® Data < ® Data — ALP+PY Perugi | the matrix element calcu-
& — NLOpQCD - -LopQcD & == ALP+HER - -ALP+PY Tune Qw| lations
5 2t — Scale & PDF unc. - - Scale & PDF unc. 5 2
o 2 o
g = e Binning chosen such,
« « that detector resolution
causes little migrations
between bins
07 SHERPA scale unc. (©) o7r SHERPA scale unc. @ | o Less agreement between
1 1 1 1 1 1 1 1 C 1 1 1 1 1 1 1 1 . . .
0 05 1 15 2 25 3 85 4 45 0 os T IE T e s a5 45 data and  prediction in

1By(Z, jet)|

07z+jet/07 = [4T £ 1(stat.) £ 2(syst.)] - 1073
pQCD: [40 + 3(scale) + 1(PDF)] - 1073 @NLO, [40 + 8(scale) + 1(PDF)] - 10~2 @LO
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SM precision limits from Z + 1 jet pr balance (Z — ee, up)

CDF Collaboration, submitted to NIM (2010) L=46f"1

p1(£)>18 GeV, p1(Z)>25 GeV, 80 < m(¢¢) < 100 GeV,
Leading jet pr > 8 GeV, A¢(Z, jet) > 3.0 rad, Rcone = 0.4(shown here),0.7,1.0

e CDF JES calibrated via tuning calorimeter response to single particles
= Test of pr(Z) balance independent of CDF JES

e Track in jet distributions agree with predicted quark/gluon jet fractions

e Observe in data higher rate of sub-leading jets collinear to leading jet
= ATLAS + CMS limitations on p7(Z) balance JES precision of ~ 3%

Jet / Z transverse momentum balance (ratios)
aCPF Run ] Prellmlnary 11CDF Run Il Preliminary CDF Run Il Preliminary
- T T T T T ] [ T T T T T T T

1151
Z+jet, jet cone = 0.4 1 g
B [ Z+et, P,(2)>25 GeVlc, jet cone = 0.4
1 11~
+ ] F Data/PYTHIA

PYTHIA/Data

"2 jet A6(Z-1)~5.0 rad, jot cone = 0.4
—+— Data- 461"
—— Pythia

- Alpgen

220|

Data/Predictions

Predictions/Data
IS
I

E N
1026304056 60 708086 o  °%° 200 50100 120 140 160 20306080 100 120" 140" 160 16
P1(2) [GeV/c] T(Z) [GeVic] Ag(jetl-jet2) [deg]

Lars Sonnenschein, RWTH Aachen, Ill A W/Z + jet production at Tevatron 12



SM precision limits from Z + 1 jet pr balance (Z — ee, up)

e All sorts of possible sources of uncertainties are considered:
(Effect (in %) on predicted mean of pr(Z) balance)

Source of uncertainty |ietcone = 0.4 jet cone = 0.7 | jet cone - 1.0
renormalization and factorization scales | +0.9-0.0 +09-04 . +0.4-04
FSR parameters in PYTHIA +0.4-04 +0.1-01 +0.1-0.1
ME's and parton-jet matching +0.8-0.0 +1.1-0.0 +0.8-0.0
single particle response +2.5-2.5 +2.5-25 +25-25
mulitiple proton interactions +1.0-0.0 +1.2-0.0 +1.2-0.0
large-angle FSR, limitation of PS +0.0-29 +00-02 +1.7-0.0
Estimate of the total variation +3.0-3.8 +3.1-25 +3.4-25
The observed discrepancy +4.7 +3.2 +2.0

Only large angle-radiation (FSR) observed as sub-leading jets is able to explain discrepancy

SAAFTLE A\ A
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o(pp — W+ n_y4 jets) inclusive cross section (W — ev)

CDF Collab., Phys. Rev. D 77, 011108(R) (2008) £ =320 pb~?
E% > 20 GeV, || < 1.1, £r> 30 GeV, m¥ > 20 GeV, EF*(R=0.4) > 20 GeV, |njec| < 2.0
. . E a CDF Il / MCFM Scal PDF
» X 10 more cross section than Z+ jets g el wneenamy T e | ‘
¢ VSRR
but need to control QCD and Top Scos|- R %
=}
5
backgrounds 1_5%&% 1
. 1= i
» Good agreement with pQCD NLO 0_5,.CDFII/MLM i
Scale uncertainty
» At low pr MC needs better modeling of T
LIE S
UE (ALPGEN-PYTHIA) o corn o 1
) Scale uncertainty i
2 F e CDFII/MLM MLM uncertainty B First Jet B @oW)’
2 r = CDFII/SMPR  SMPR uncertainty =l 2 2[~ 2 CDF II/MCFM - Scale uncertainty --- PDF uncertainty
¢ 2 & CDFII/MCFM — 215k ‘
< C 3 ©
AN ««wm&i@g&c |
© [ | a]
C -~ MCFM PDF uncertamty | © 2% % 7 * CDF Il / MLM Scale uncertainty|
C MCFM Scale uncertainty ] 15[+ i T Fiﬂ—igofi—(
< E 4 COFIl E 1 T
L 0155, merm A++; +% E osp- T
S o0 ® MM L) ¥ = E
I B omSMPR o, E ‘2, 1 =CDFII/SMPR ' Scale uncertainty
O 0.05¢ ¢ E SEREE g HH ——4—
E ) ) ) ) E osF I |
0 1 2 o3 4 2 40 Y 80 100 120 140 760 _ 180
Inclusive Jet Multiplicity (n) Second Jet E; (GeV)
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Vector boson + HF jet production

Important for physics programme at Tevatron and LHC

Photon, W, Z etc.

" e

=

parton
p distribution

—

e
—= Underlying
e
event

» Probing theory and models
» Testing perturbative QCD . RS FSR .

predictions e P =t
» W/Z(y*) direct probe of
Wy Jet

hard scattering dynamics
» Sensitive to PDF's HF

200E.D0 Preliminary W+ 2jet/2b-tag

Events

content L=50fb" CyWaet
. Il Multi Jet
» Understanding backgrounds B wnicr
» W/Z + HF is background to: §§E5son L —__
tt, single top, Higgs/SUSY teeevao q>H

search
» Challange to accurately
simulate data

AYA
% 50 100 150 200 250 300 350 400@

Dijet Mass (GeV)
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Incl. o(pp — Z+b)/o(pp — Z+)) ratio (Z — ete™, u ™)

Q —— A

9 TEET——Q

pr(p) > 10 GeV, [nget| < 2.5
pr(e) > 15 GeV, |nget| < 2.0

pr(1st jet) >20 GeV,

NN flavour tagging
based on lifetimes

ndet' <11

Fit to lifetime variable templates

= flavour fractions

Alpgen 2.11 + Pythia 6.413
Cross sections taken from NLO

_ Q
q +m0<(2

. b-fraction fit to data

Events / 5 GeV
[=2] e ]
o
—

400

DO Run Il Preliminary, 4.2 fb *

Data
b+c+l
| jet
c jet
b jet

60 80 100
JetpT(GeV)

L
20 40

Events / 5 GeV

10%

10

Dimuon channel

DO Run Il Preliminary, 4.2 fb %

Z+c

ttbar
Diboson

m Multijet

20 40 60 80 100 120 140
Leading jet p . (Gev)

o(Z+b)/o(Z+j) = 0.0176 + 0.0024(stat.) & 0.0023(syst.)

Pl

ARFTLE A\ /)

Consistent with NLO prediction of 0.0184 + 0.0022
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Incl. o(pp — Z+b)/o(pp — Z) ratio (Z — ete, u ™)

CDF Collab., Phys. Rev. D 79, 052008 (2009) L=20fb1

76 < My < 106 GeV, ph*, ES > 18 GeV, ph?, E2 > 10 GeV, EI'(R=0.7) > 20 GeV, |njec| < 1.5

o(Z+b)/0(Z) = [3.32 + 0.53(stat.) + 0.42(syst.)] x 1073 = oud—r— Pt EEE ALY
_ 8 o1f Ezl%T?V e CDF Data E

MCFM NLO: 2.3 x 1072 (@ = 3 + pf. ) o ok | a3
MCFM NLO: 2.8 x 1073 (Q* = pT’jet) 2 s l s L MEFM E
ALPGEN: 2.1 x 1073 W 01; —MCFM+Had.Corr.é
PYTHIA: 3.5 x 1073 E E
e Large uncertainties in data and theory %ZZE E
e No complete NLO prediction for Z + bb = m; I . 3
= Large scale dependence T O A s

Z+ bjet CDF RUN 11 Prellmmary

— 140 T T ™ x10° Z+ b jet. CDF RUN Il Preliminary
o | 4 e = T T T T T T T T T
> . C POSIIIVe Tags ° (IZDF.data 3] 3 0F \5=1.96 Tev CDF D
& 120 [lightjets 4 S of Loomt ata
S F \5=1.96 TeV [Ccjets ] _E omaey — PYTHIANCL
3 00— L-20" Cbjets = 8 7op s~ ALPGEN
3 so: EF'>20 GeV B B N MCFM
E In|<1.5 N=193:23  oE — MCFM +Had.Cor
60— N,=147£54 ] 2 AO;
£ N,=273%43 P
40— — N 30
£ 3] ° E
F ] = 20E
20— 4 E
£ E 105 }
C L] = I | | | | T T T T 3
0.5 1 15 2 25 3 35 4, 10 20 30 40 50 60 70 80 90 _ 100
M (Gevic) P2 [GeV]
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o(pp — W + c—jet)/o(pp — W + jets) ratio (W — (v)

D® Collab., Phys. Lett. B 666, 23 (2008) L=10f1
I'(R=0.5) > 20 GeV, |njec| < 2.5, pl > 20 GeV, E1 > 20 GeV
0.2p W + c-quark production sensitive
F D@
0.18F L=1 fb’l to s-quark PDF,;
016 = Up to Q2% = 10* GeV?
o014 Alpgen (v2.05) + Pythia (v6.323) W < c opposite charge sign (OS)
= ‘;?;0 120 = tag oppositely charged 1 in jet
2z o1F from c decay
|‘;- ";O 08; T W, _ Nobserved — Nbkg
ge F \ Wi +6) = =7 Axe
0.06 —
e I OS-SS background is small: ~ 1%
004 T T
0020 Multi-jet backgrounds determined
- OE\ | 1 BN \\ from data
10 107 jet pr [GeV]

o(pp — W + c—jet)/o(pp — W + jets) = 0.074 & 0.019(stat. )*8 gﬁ(syst ) A
In agreement with theoretical predictions: ALPGEN + PYTHIA 0.044 £+ 0.003
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o(pp — W + c-jet) exclusive cross section (W — (v, {=e, u)

CDF Collab., Phys. Rev. Lett. 100, 091803 (2008)

c-jet

p7 > 20 GeV, |ncjet| < 1.5, (R=0.4),

ph > 20 GeV, |n| < 1.1,

L=18fb1
Er > 25 GeV

Soft p-in-jet tag. CDF is working on getting results out with soft e+ u-tag (SLT)

CDF Il Preliminary

CDF Il Prelimina&
o Data (~1.8 fb-1)
3 Wc (measured)

100 @ Drell-Yan
[2] [2]
£ B Non-W g1
0 80 [ WHlight flavor 2 50
w [ Other w
93 &0 overflow g’,l 60
[0} (2]
8w o

@ Data (~1.8 fb-1)
[ wc (measured)
[ Drell-Yan
I Non-W
[ wlight flavor
[ other

overflow

|

0 35 40

°
I S I I I
SLT Muon Pt [GeV/c]

o(W( o) + €) = 9.8 + 2.8(stat.) ¢ (syst.) £ 0.6(lum.) pb
c-jet

NLO prediction: o(W_p) +¢) = 11.0f%:g pb (pT
Good agreement between data and theory
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o(pp — W + b—jet) exclusive cross section (W — (v)

CDF Collab., Phys. Rev. Lett. 104, 131801 (2010) L£L=19 bt
P > 20 GeV, |npje] < 2.0, (Reone =0.4),  pl > 20 GeV, |n| < 1.1, p¥ > 25 GeV

\ Vertex Mass Fit | N, f priets
E , -tags * Ib-jets — Vpi
90 CDF Run Il Preliminary - 1.9/fb _ g
4 Data ° U( W(_)ZV) + b) - £ X A X €

@
S
ARREN

— bottom contribution
charm contribution
— LF contribution

""" Summed contribution

boriae e soammn|  tE (40% of total background)
iy single top (30%)
Fake W (15%)

WZ (5%)

Major b-jet backgrounds:

Jets/0.1 GeV/c?

KS Prob = 84.8 %

Measured cross section larger than
ALPGEN and NLO predictions (~ 30)

3 3.5 4 4.5
M, (GeVic ?)
o(Wp) + b) = 2.74 £ 0.27(stat.) & 0.42(syst.) pb

NLO prediction (J. Campbell et al.): o(W,_,s, + b) = 1.2+ 0.14 pb Mﬂm
LO prediction (ALPGEN): o(W_,,) + b) = 0.78 pb
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Conclusions

» Many vector boson + light/heavy flavour jet analyses:
Z/y" * (— £0)+]jets (DO + CDF)
Z + 1 jet pr balance (CDF)
o(Z + b)/o(Z + j) ratio ,Z — ¢¢ (D@+ CDF)
W + c jet (D@ + CDF)
W + b jet (CDF)
» Perturbative QCD predictions (MCFM) are in good agreement with data
in all incl. V+jets measurements
Especially in excl. W + b jet measurement (CDF):
ALPGEN and NLO predictions ~ 30 below measurement

» Jet/Z pt imbalance (CDF) shows up limitations for JES precision at LHC
experiments (~ 3%)

» There is no perfect MC event generator:
This holds for HERWIG+JIMMY, PYTHIA
as well as for SHERPA, ALPGEN (superior to former PS-MC's)

» Data are corrected for detector effects (hadronic final state) ﬂ'ﬂr I l’”.mi gi

— can be re-used for MC tuning any time in the future
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Differential Z/v* + jet + X cross section (Z — juj1)

D@ Collab., Phys. Lett. B 669, 278 (2008) £ =10 fbL

65 < My, < 115 GeV, |y,| < 1.7, P (R=0.5) > 20 GeV, |yjec| < 2.8

NLO pQCD: MCFM v5.4

S F D@Runll, L=1.0 fo* —+ Data g 14t D@ Run II, L=1.0 fb" B Daa
v L : ) ' .
° 1 —— NLO pQCD +corr| 5— —— NLO pQCD + corr, P?F- CQTEQ6-26M )
2 = M= =M 0P %12 w=u =M O | = iy = Mz 4 pT 7
GZQF C CTEQ6.6M PDF % 10; CTEQ6.6M PDF
< “* ALPGEN £ “* ALPGEN PYTHIA 6.323,
St by b =M U B o .. o=, = M O 7 ALPGEN 2.05,
E CTEQ6.1M PDF [ CTEQ6.1M PDF
F o SHERPA 1.1.1,
107 ha T @ PDF: CTEQ6.1M
E ZI*(~ pp) +jet + X b ZWA(~ pp) +jet+ X e L
[ 65<M,<115GeV, || <17 o 65<M,<115Gev, <17 vk NoLO pQCD prediction
107k Rene=05, P> 20Gev, Y| <28 - F Ren=05, p'>20Gev, [y<28 "+t 5% below measured cross
o B n n n n M| o g coe b b e b b br SeCtIOn
226+ Data/ ALPGEN — = SHERPA/ALPGEN | £ [+ Data/ALPGEN — = SHERPA/ALPGEN | - di
0 2.4f — NLO pQCD / ALPGEN =2t PYTHIA / ALPGEN 24 — NLO pQCD / ALPGEN  #++++ PYTHIA / ALPGEN ‘Or pT(Z? = 30 GeV predic-
2-27X? Scale and PDF unc. 2.5 X2 Scale and PDF unc. tion sensitive to underly-
2 ing event
1'27 2 Total cross section pre-
LaE diction of ALPGEN and
120 L5 5 = PYTHIA significantly be-
E EA A
S r low data
0.8F I e
E L —
0.6 | L | | | | | T LA AN
20 50 100 200 0 05 1 15 2 25
Py (Gev) v
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Differential Z/~v* + jet + X cross section (Z — )
65 < M, <115 GeV, |y,| < 1.7, p='(R=0.5) > 20 GeV, |yjet| < 2.8

3 1; D@ Run II, L=1.0 fo* —— Data g 20E D@ Run I, L=1.0 fo* —— Data
o — NLO pQCD + corr| 18 —— NLO pQCD + corr.
g I He=H =M 0P| T He =B =M O p7
N CTEQ6.6M PDF 16 CTEQ6.6M PDF
g10t =+ ALPGEN 14 -+ ALPGEN
E = z E —y =
© % Mo =H =M Opy 120 Mo =H =M 0P
0 CTEQ6.1M PDF 10:7 ------- CTEQ6.1M PDF
8
107 (@ & ... (a)
E ZiyH (= pp) +jet + X E Ziy*(~ pp) +jet+ X '~..~
[ 65<M,<115GeV, |y|<17 = 4? 65 < M,,< 115 GeV, || <1.7 e,
Rens=05, ' >20 Gev, |y*|<2.8 25 Repn=05, P> 20 Gev, |y <28
sl b b b b b b b by ’Hw\wmHw\mw\mw\wm\wm\mw
25 o
£ —+ Data/ ALPGEN — = SHERPA/ALPGEN | £, | —+ Data / ALPGEN — = SHERPA/ ALPGEN
['4 — NLO pQCD / ALPGEN * PYTHIA / ALPGEN o 20 —— NLO pQCD / ALPGEN  s#sesn PYTHIA / ALPGEN
2| % Scale and PDF unc. '2 % Scale and PDF unc.
r 188
15 .00..‘
E 1.6, T b3bdOI 0t o
14,
1%! - 1.2
s
) ﬁ L L L L Il Il L Il Il 0.81; L L L L L
%720 20 60 80 100 120 140 160 180 20i 00204 06 08 I 12 14 16 18

(Gev)

Iyl

NLO pQCD: MCFM v5.4

PDF: CTEQ6.6M

2= i = M+ 2
PYTHIA 6.323,
ALPGEN 2.05,
SHERPA 1.1.1,
PDF: CTEQ6.1M

NLO pQCD prediction
5% below measured cross
section.
For pr(Z)<30 GeV predic-
tion sensitive to underly-
ing event
Total cross section pre-
diction of ALPGEN and
PYTHIA significantly be-
low data
MR L

AYA

o(z/v*(— pu)+jet+X) = 18.7£0.2(stat.) = 0.8(syst.) == 0.9(muon) £ 1.1(lumi.) pb
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o(pp — Z/v* + 1(2) jets) inclusive cross section (Z/v* — up)

CDF Collab., Preliminary (2010) L=24fb1
66 < M,, < 116 GeV, p > 25 GeV, 1, < 1.0, EFY(R=0.7) > 30 GeV, |njet| < 2.1

ZIy*(— W) + 21 jetinclusive  CDF Run |l Preliminar CDF Run Il Preliminary

. 10° e
—e— Data - 2.37 b — E —e— CDFData L= 237fb*
— E
& — Total Prediction S E [ sytematic uncertainties
o 10? oz % ro, —e— NLO MCFM CTEQ6.1M
> M QCD, W + jet, DIF o 10° E =2} Corrected to hadron level
1) i = E e 2 =M +pi(2), R,,=1.3
(0] 3 E . Hy = M; + pr(2), R, =1.
= M zz, zw, ww = r o W= 2005 = pyf2
— Y L
a o EEZ - Titjet 8 L [0 - PDF uncertainties
=, . & 10= —
N S =
= St N
5 °
_g 1 E ——
T Zly(- u'w) + 21 jetinclusive
I~ jet jet
~ pr 230GeVic, [YT |21
Wt —_—
C L L L L TR L L L
14
2 1.25
2 E R S o o
E -y PPN it
M,_,, [GeVicT] 2 I % Bt
~ 0.8
- E
P 0.6 |
© 30 100 200
[a]

pe [Gevic]
Good agreement between data and NLO pQCD prediction
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Differential Z/+* + jet + X angular distributions (Z — puu)

D@ Collab., Phys. Lett. B 682, 370 (2010)
65 < My, < 115 GeV, |y,| < 1.7, p% > 45 GeV, p'(R = 0.5) > 20 GeV,

F bO, L=1.0fb? [

g f el g [ epaa — PYTHIA Perugia*
£ il ®paa o & 3F -.. HERWIG+JIMMY = = PYTHIA Tune QW
= E = NLO pQCD + corr. %
§$ [ - SHERPA e 2}
£ s
S10%E 2
g p &
N F o’
S 8 a) L
S 1%k ~ (@) 1]
R4 F o
R4 L T3
F AN 65 < M,,< 115 GeV/ o e
0 '] < 1.7, p > 25 Gev sl ©
E Reone=0.5, P >20 GeV, )| <2.8 |~ SHERPA scale unc.
1 ! i f ! L ! 1 ! . . L
5 ® Data g ® Data — ALP+PY Perugia*
§ °p —Noeacd - -LopQch & 3 - - ALP+HER = = ALP+PY Tune QW
% — Scale & PDF unc. - - Scale & PDF unc. %
22 g 2
8 - i)
8 3
g ¥ we,| & [ s
5
1 / 1 4
== — e
7| E e s
07 . P e
v
,
05 / . 05 g
SHERPA scale unc. / ©) SHERPA scale unc. @
L ! L L L L L ! L ! L L
05 1 15 2 25 3 05 1 15 2 25 3
AQ(Z, jet) (rad) AQ(Z, jet) (rad)

Oz+4iet/07 = [122 & 2(stat.) + 4(syst.)] - 1073

L£=1.0fb""1

yjet| < 2.8
e Azimuthal angle
between Z and jet

MCFM v5.6

PDF's: MSTW2008
pr=pg=Mz +p7 7
Hadronisation and un-
derlying event correction:
PYTHIA 6.421, Tune QW,
CTEQ6.1M

oSHERPA (1.1.3) is
able to describe A¢

'ﬂ"ﬂl il m i q}]ﬂ

pQCD: [111 = 6(scale) + 2(PDF)] - 103 @NLO, [112 + 20(scale) = 1(PDF)] - 10-3 @LO
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Ratio to SHERPA

1o, x day,./dAg (1/rad)

65 < M, < 115 GeV, |y,| < 1. 7

Differential Z/+* + jet + X angular distributions (Z — puu)

p? > 25 GeV, pl > 20 GeV, |yjet| < 2.8

1L DO L=10 fot s ® Data — PYTHIA Perugia*
¢ & 3[ =HERWIGHJIMMY = = PYTHIA Tune QW
%
e 2}
2
& i
K I s,
,f @) - =
R4 -
.
[ B4 65 < My,< 115 GeV o7r
105k <17, pZ >45GeV o5k ©
Rm_o 5, p‘ > 20 GeV, |y |<2. s SHERPA scale unc.
E 1 1 1 1 1
® Data g ® Data — ALP+PY Perugia*
3f = NLOpPQCD - -LopQCD & 3 -.- ALP+HER = = ALP+PY Tune QW
— Scale & PDF unc. - - Scale & PDF unc. 5
2 e 2}
°
¥ | €
] .
1 " P 1=
’ -7 r
07 // 07f
.
i 7 I
05 / 0.5F
SHERPA scale unc. ®) SHERPA scale unc. @
Il L L /4 Il 1 Il L Il Il Il 1
0 05 1 15 25 3 0 05 1 15 2 25 3
AQZ, jet) (rad) AQZ, jet) (rad)
07z+jet/07 = [4T £ 1(stat.) £ 2(syst.)] - 1073

pQCD: [40 + 3(scale) + 1(PDF)] - 10~3 @NLO,

Lars Sonnenschein, RWTH Aachen, Ill A

PYTHIA 6.421,

HERWIG 6.510 + JIMMY 4.31,
ALPGEN 2.13,

SHERPA 1.1.3,

PDF's: CTEQ6.1M and
MRST2007 (LO*) for Perugia*

e ALPGEN + SHERPA:
Up to three partons in
the matrix element calcu-
lations

e Binning chosen such,
that detector resolution
causes little migrations
between bins

e SHERPA (1.1.3) is able
to describe A¢

[40 + 8(scale) + 1(PDF)] - 10~2 @LO

W/Z + jet production at Tevatron
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Average num. of tracks in a jet

<P;(jet1)/P(2)>

SM precision limits from Z + 1 jet pr balance (Z — ee, up)

CDF Collab., submitted to NIM (2010)

CDF Run Il Preliminary
T T

N(traCkS) CDF Run 1] Prellmlnary
T

CDF Run Il Preliminary

11; ‘ ‘ j L 27 7;
E é 1.15 Z+jet, jet cone = 0.4 é
3 9 14 E
3 ® B
18 + :
3 @ 1.05] + =
=4 < |

Elel +

48 1 M
N 1 T 4
Zieptoone=04 3 2 o 3% uncertainty on 3
“ Pythia, quarkjet 3 H tracking efficiency ]
—s— Pythia, gluon-jet El 09k E
—— Data-46f" 3 “E ]
I 3 ossbii.. u |
20 40 60 0 OD 120 140 160 20 0 OD 120 140 160
P.(2) [GeVic] P.(2) [GeVic]
pT balance

N CDF Run Il Preliminary

lv“: T 3 AT T T T ]
= Z+jet, jetcone =0.4 ] r ]
: ST R 3 Z+jet, jetcone =0.4 ]
16F —— Pythia e : ]
E —— Pyhia, quarkjet ]
150 —— Pythia, gluonjet | & .
s yiia, gluonet 4 £ ggf- 7
14F 15 ]
Eo 12 b
P - 1 5 roay] ]
E 8 ]
12 & ERET 1
11E Fo- e ]
i ]
0.9F 3 £ ]

E E 0.980.L 55
20 106126 140 160

P.(2) [GeVic]
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P.(2) [GeVic]

W/Z + jet production at Tevatron

L=46fb!

o pr(0)>18 GeV, pr(Z)>25 GeV,
80 < m(£() < 100 GeV

leading jet pr > 8 GeV,

A¢(Z, jet) > 3.0 rad

Rcone = 0.4(shown here),0.7,1.0
e Track in jet distribu-
tions show agreement with

quark/gluon jet fractions

e Observe in data higher rate
of sub-leading jets collinear
to leading jet

e Variation of FSR, ISR,
Q?-scale multipliers, PDF’s
within uncertainties is not

able to describe observed
discrepancy
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Entr

o(pp — W + c—jet) exclusive cross section (W — (v)

CDF Collab., Preliminary, CDF Note 10089 (2010) L£=43fb!
It > 20 GeV, |nje] < 2.0, (R=0.4),

c-jet candidate soft electron tag

CDF Run Il Preliminary, 4.3 fo'

p > 20 GeV, Er > 30 GeV

e s-quark gluon fusion:
sg - W™c, 5g - Wte
5% of W + 1 jet

1000 [ %
- CIMC bkg Probing s-quark PDF
8oo |- gaco
Dot N Y
= bs — NVbk
soo- date ¢ oWy +0) = Face
0o Backgrounds:
200 - W + jets, Z + jets
ok Multijets, Drell-Yan
° 50 % Weosonm  Dibosons, single top (small)
o(W(w) + ¢) = 33.7 £ 11.4(stat.) + 4.7(syst.) pb EONRTTLE I

NLO prediction: o(W_,) + c) = 16.5 £ 4.7 pb
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